- H. E. WARREN. _ o -
SPEED REGULATING DEVICE FOR WATER WHEELS,

APPLIGATION FILED SEPT.18, 1903. _ -
iy - 3 SHEETS—SHEET 1.
Vflll[f!i

A

VirNesses:
B L Nobects
& b oler



'~ No. 822,080 PATENTED MAY 29, 1906.

I H. E. WARREN,
 SPEED REGULATING DEVICE FOR WATER WHEELS.

APPLICATION FILED SEPT. 18, 1804,

9 SHEETS—SHEET 2.

Ly 555‘55:. - _ : W\/E/\/TD/T:



PATENTED MAY 29, 1006.
H, E. WARREN. '

'SPEED REGULATING DEVICE FOR WATER WHEELS.
~ APPLIOATION FILED SEPT.18, 1002,

~ No. 822,030.

3 SHEETS—SHEET 3.

AN \
b

2

WirnessEs=




10

I§

20

UNITED STATES PATENT OFFICE.

HENRY L. WARREN, OF NEWTON, MASSACHUSETTS, ASSIGNOR TO THE

4

LOMBARD. GOVERNOR ‘COMPANY,
CORPORATION OF NEW JERSEY.

OF BOSTON, MASSACHUSETTS, A

SPEED-REGULATING DEVICE FOR WATER-WHEELS.

No. 822,030.

| - Specification of Letters Patent.
Anplication filed September 18,1909, “Serial No. 123,860,

Patented May 29, 1906,

%

To all whom it may concern.:

Be it known that I, Hexry E. WARREN, a
citizen of the United States of America, re-

~siding at Newton, in the county of Middlesex

and State of Massachusetts, have invented
certain. new  and useful. Improvements in

Speed-Regulating Devices for Water-Wheels,

of which the following is a specification.

Theimprovementsrelate especially to those

types of wheels known as ““impact’” or ““tan-
gential,” in which a stream of water flowing
at high velocity from a nozzle imparts a por-
tion of its energy to rotate the wheel or cyl-
inder by impact upon its vanes or buckets:

Such water-wheels are in general use wher-
ever there is a supply of water under a high
“head, usually more than fifty feet, and fre-

(quently as great as several hundred feet. Tt

1s generally necessary in econnection with such

water-wheels to have a long pipe-line leading

“trom the main water-reservoir to the wheel,

- thereto according to the variations in load

30

and for that reason it has heretofore been
found-to be impracticable to control the speed

“of ¢he wheel by a quick-acting valve in the sup-

ply-pipe leading to the wheel, so as to reduce

or increase the amount of water flowing | ring _
» water-wheel supplied with water under high
_pressure from the pipe D, through the nozzle

upon the wheel.” If such a valve were to be
used, there would be great danger of bursting
the pipe-line, owing to the great inertia of the
moving mass of water in the pipe itself, which
i suddenly stopped would produce a pressure

~back of the valve proportional to the velocity
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of the flow of the water and inversely propor-

ttonal to the velocity of the closing of the

alve.  Such a valve could be elosed with

safety if moved at a slow enough rate; but.

since the load variations on the wheel are lia-
ble to be almost Instantaneous it would be
wholly 1mpracticable to attempt to close the

‘alve quickly enough to maintain a constant
speed of the wheel. Therefore it has been
the custom to allow the water to flow from

theé nozzle at a constant rate and to compen-
sate Tor changes in load on the water-wheel

hy dellecting the stream, so that a ereater or

less amount would Strike‘t-he buckets and do
cllective work while the rest would be wasted.

This has been accomplished by tilting the noz-

zle toward or from the buckets, thus chang—
g the angular direction of flow of water.

My

- wherein— - =

| Also it is sometimes effected by a movable

shield which deflects a portion of the stream
of water flowing therefrom. =~

- By my invention the same control of the
speed of the wheel is effected, but with a
minimum waste of water. Certain specific
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forms of devices and appliances which I have

found convenient for accomplishing this ob-
Ject are described and set forth in the follow-
ing deseription and accompanying drawings,

Figure 1 represents in
partly 1n section one form of the device
which I employ to control the flow of water

“to the water-wheel., Fig. 2 is an enlarged de-

tail of the three-way valve shown in Fig. 1.
Iig. 3 is the same as Fig. 1, except that it
contains a modification of the small motor
and 1ts operating devices by which the flow

of water to the water-wheel is regulated.

Fig. 4 is an enlarged view of thé valve shown
in IFig. 3, through which water is supplied to
the supplemental motor. " Fie. 5 is another

form of meéchanism which T will deslgnate the
‘*dash-pot control.” | | o

Referring to Fig. 1, A represents an impact

B, which is arranged to be tilted about a suit-

| able pivot ¥/, so as to deflect the stream and

by changing its direction throw more or less
water against the buckéts «’. C is a gOV-
ernor properly connected; by means of a link
¢’ and other mtermediate mecharnism herein-
after described, with the nozzle B, and by

60

side elevation and
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changing its position the impact. of water

upon the wheel A may be regulated and its
speed controlled. The governor is connected
with the wheel A by a belt d’. At some point

i In the pipe-line D, preferably, as shown, at

the nozzle B, is an adjustable valve ¢ to
throttle the flow of water through the nozzle.
Suitable mechanism, such as a screw 1 and

‘worm-nut g, may be employed to operate the

valve ¢/.  The nut ¢ is turned by means of a
worm w* on the shaft of a small motor E, (in-
dicated in.the drawings as a water-motor,)
but a motor driven by steam, electricity, or
other motive power may be used. In Fio. 1,
Ii1s a small motor mounted on the nozzle B
and supplied with water to operate it in one

,.r-?
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direction or the other through the outlets 4 | the nozzle B to move tdwgr d the wheel A
unt:l 1t assumes its normal position again.

and &, connected, respectively, by flexible

pipes with the ports k and [ of the valve F, to
which water is conducted from the pipeD
through a pipe m. The valve F.is of the
three-way type and is operated by the lever

7,80 as to open communication between pipes

- m and k& when the lever-arm is in the position

- _1_0

shown at n’ and between m and I when the
lever-arm is in the position n:. The lever n

18 connected by suitable mechanical means,
- such as the link p, bell-crank lever ¢, and link
- ¢/, with the nozzle B, so that as that nozzle

. 15

swings up anid down upon' the pivot b’ the le-

ver » will simultaneously turn the valve F
‘and open a passage into the port % and outlet

%, or the port [ and outlet %, and direct water

20

onto the motor E, thus causing it to revolve
In one or the other direction as the nozzle B

oscillates to one side.or the other of a certain

- position, which I shall hereinafter call ‘‘nor-

- the nozzle B.

30
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mal,”” in which position the lever n is central,
and no water 1s flowing through either of the

outlets ¢ or . The normal position of the.

nozzle B may be made adjustable by means
of a turnbuckle r or similar conneetion in the
link p, which connects the valve-lever n with

In the modified form of devices for oper-

ating the valve ¢’ shown in Figs. 3 and 4 the

smal]l motor E is of the piston type and is
mounted on. the nozzle B, the extended
stem f

connected at its respective ends, from a valve

- F, which in this instance is of the piston type

and consists of a cylinder provided with a
supply-pipe m and two outlet-pipes %k L.

/1thin this cylinder is a double-headed pis-
ton-valve o, provided with a longitudinal

- opening through it for the passage of water
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from the upp
der.
to one end of a lever p, which'is pivoted at ¢/,
and the other end of the lever 7 is connected
with the nozzle B by a link p%. By this
means it will be seen that. when the
is deflected downward by an increase in speed
of the governer the piston o of the valve F
will be moved upward and the port I will be
opened, permitting water under pressure to
flow to the motor B through the opening 4
and push the piston therein, with its rod f, to-
ward the outlet of the nozzle B, and thereby

er to the lower end of the cylin-

tend to close the valve ¢ and diminish the

flow of water through the nozzle. - The
downward movement of the nozzle B de-
flects a larger amount of water from the
buckets of 5‘!6 wheel A, which will decrease
its speed, and at the same time through the
belt d" decrease the speed of the revolving
balls of the governor C, which, as with the
previously-described mechanisni, will cause

| of the valve ¢ serving as the rod for .
- this motor-piston f’. As in the form shown

n Iig. 1, the cylinder of this motor is sup-

- phied with water through flexible pipes % 4,

The rod o0* of the piston o is connected

nozzle B

The return of the nozzle B will, through the

connections with the lever p, return the pis-

ton-valve o to a central position in its. cylin-

der, and therebfr close both ports k and I; but
I remain in the new position

the valve ¢/ wil _
to which it was moved by the operation of

the motor E, and thus produce a discharge

irom.the nozzle proportioned to the changed
load on the water-wheel A.

speed of the governor, caused by an increase
of load on the wheel A, will draw the piston o
of the valve F downward, open the port %,
and permit water under pressure to

motor I and push back the piston therein,
which will tend to open the valve ¢’. The
piston-valve o is so constructed that when
one of the ports & or [ is open for the flow of

“water under pressure the other is open to the .

waste or discharge pipe m? and by this ar-
rangement when water under pressure-is ad-
mitted upon one side of the piston in the mo-

ter E—for instance, through the pipe i—the

water upon the other side of the piston will be
discharged through the pipe % and into the

valve F through the port & and out of the
pipe m’.

Under these conditions the opera-
tion of the motor E tends to close the valve
¢/, and as it 1s.desirable that this operation
should be very slow a check-valve A’ is placed

4

in the pipe & and an adjustable by-pass A?

around the check-valve is provided, so that

the speed of the discharge of water from the

‘motor K through the pipe & may be regulated

as desired. When, however, water under
pressure.is conducted to the motor E through

the pipe k, the check-valve offers no obstrue-

70
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A movement
upward of the nozzle B, due to a decrease in

80

| | flow
through the pipe % to the forward end of the.
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tion, and the water flows freely to the for-

ward end of the motor and is as freely dis-

-charged from the other end of the pipe %, so
that the valve ¢’ may be quickly opened.
For the purpose of regulating the amount of
iflow of water through the pipest and A throt-
tle-valves I’ and &’ may be placed therein.
.Ag it may be desirable at some times to oper-

ate the valve ¢ by hand, T provide a wheel
w, on the shaft of which is a pinion which en-
cgages & rack w’ upon the rod f. At such

times the motor-cylinder E should be re-

-
L]
e,
a7
-'.. .
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IIS‘

lieved from the water resistance, which may

be accomplished by opening escape-valves
x x’ 1n the pipes+ and 2 and closing the valves

In the modified form of devices for operat-

ing the valve ¢ shown in Fig. 5 and which I
call the “‘dash-pot control’” the link ¢,
which 1s connected at one end with the gov-

-ernor-operated crank ¢, is connected at-the

other end witha floating lever S at the point
¢®.  One end of the lever Sis pivoted to a rod

{20

12'5

', which extends out from a piston o’ within a

| dash-pot G.  The other end of the lever S is

130
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connected by a link s with an arm b3, pro-

jecting from the nozzle B, and through these

connections ¢’ S s? b3 the nozzle B is caused to
rock upon its fulerum-point &’.
end of the arm b° is held normally in a cen-
tral position between two posts v u by strong

opposing springs ¢ ¢ secured thereto, and

~ when the arm 4°is in this central position the

10

nozzle will occupy what I have termed its

“‘normal” position. Alever ¢/, fulerumed at

g%, 1s pivoted at one end to the piston-rod &’

and at the other end to a link ¢3, which link is

attached to the stem of the valve ¢/. 1t will
be seen, therefore, that any movement of the
piston o’ .in the dash-pot G will, through the

rod ¢, lever ¢’, and link ¢*, cause a movement |
of the valve ¢ within the nozzle B. The

- dash-pot G is filled with liquid, the speed of

20

25

~movement of whichfrom one side to the.other
of the piston o’ is regulated by valves v, and |

to permit the piston o’ to move quickly in the

direction to open the valve ¢ a check-valve

v’ may be placed in a passage v*, which con-
nects the two ends of the piston-chamber in
the dash-pot-G.  This dash-pot construction

1s employed in place of the small motor E

-+ (shown in Fig. 1) to give a slow movement of

the valve ¢ when it is necessary to change.

~ the volume of water flowing from the nozzle

30
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B, and as the point ¢ of the lever S occupies
- a different position in relation to the fulerum -
0" of the nozzle B for each change in the speed |

relation between the water-wheel A and the

-governor C the relative position of the valve
e and the opening in the nozzle B will be cor-
respondingly different: when the nozzle has

- resumed its normal position, and the volume
~ of water which then flows throngh the nozzle

~ will vary accordingly and be 1n proportion to
40 -

- shownin Kig. 1, assume, first, that the veloc-
1ty of the wheel A is normai and the nozzle

o

the load on the water-wheel.

In practical use the ope'ratioﬁ of my im-

provements may be explained as follows:

Referring, for example, to.the construction

= Blis standing in its normal pwsition. When

in this position, the direction.of the stream

Howing thereffom should-be such that its en-
‘tire volume will not quite completely strike.
' the buckets ¢’ of the wheel A ; otherwise there
-would be no.opportunity to prodice an in-

- crease.  Under these normal conditions the
~balls of the governor C will be runninig at a

53

constant speed and the mechanism operated

thereby will he stationary, as will also the

motor I%, and the position of the valve ¢ will
be such as to allow just the necessary amount

ol water {o flow through the nozzle B to pro-

6o

~ duce the normal speed. Now let-a decrease

in-the load carried by the wheel A oceur.

The speed of the wheel A will instantly begin -
to merease and the resulting increased speed

ol the governor C'will imimediately moveé the

- nozzle B so.as to deflect the jet of water Aow-

g through it away Irom the buckets-a’. At

The outer

!

‘thereof.

the same time this movement of the nozzle B
will cause a movement of the lever n and

3

open the valve I so as to allow water to flow -

through 1t from the pipe m to the port & and

thence from the outlet 7 against the buckets

upon one side of the motor E, causing it to

rotate to the left and by means of the worm
w® and the nut g to begin slowly to close the
valve ¢'. - As the valve ¢ continues to close
the flow of water throuch the nozzle B will

gradually diminish and the speed of the wheel

A will have a tendency to fall below the nor-
mal,. and would do so, except for the fact
that the governor C will, by its action, due to
this decrease in speed of the wheel A, bring
the nozzle B gradually back again into its

‘normal position, when the discharge-varying

70
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means will cease to act and there will be no

further change in the position of the valve ¢,
for the reason that the three-way valve K
will have been closed. The valve ¢ will,

however, be in a different position from that
‘which 1t occupied before the load change oc-

curred, -and the discharge will be propor-
tioned to such change. For an increase of
load -and a consequent temporary decrease

1.1n speed of the wheel A the nozzle B will be

go

moved by the governor C toward that wheel,
thus throwing against tlie buckets ¢’ that por-

tion of the stream of water which was passing
%151: outside of these buckets when the nozzle

was in 1ts normal position. . This increased .

amount of water will assist in keeping up the

95

speed of the wheel A. At the same time the

valve F will allow water to flow through the
outlet & against the motor K upon the other

side thereof, thereby gradually opening the

100

valve ¢/ and instantly throwing a sufficiently

large stream of water against the buckets o/
of the wheel A to increase its speed and also

1.05_

that of the governor, which will %radually

bring the nozzle B back to its norma

upon-the valve-¢’.

position
“agamn and also-stop the action of the motor E
The operation of the de-
vices shown in Fig. 3 is the same excepting:

110

that the supplemental motor is of the hy-
draulic cylinder and piston type, which will

-be understood from the previous description
‘The operation of the devices shown
1 Fig. 5 accomplishes the same result—that
18, the first action of the governor due to a

115 -

change of speed is to act directly upon the -

Ing a supplemental motor toact upon the noz-
zle-valve, one of the springs ¢ ¢’ 1s put under

‘nozzle to deflect 1t In one direction or the =
f’thﬂl’; and by that operation, instead:of start-

120 .

tension to furnish the motive power, and

| then, as that spring under the restraint of the.

dash-pot slowly returns the nozzle to its nor-
mal position the valve within that nozzle
will, through the interconnecting levers de-

scribed, enlarge or contract the water-deliv- .

- ery opgning and regulate the flow: to meet the
varying congditions of load on the motor. The
‘relative amount of movement -of the valve ¢

5
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ng a greater or less portion of the stream of

20

892,030

may be regulafed by ‘ad]uStment of the ful- | means to éh&nge the direction of flow of wa-

crum-pomnt ¢* in relation to the ends of the
lever ¢’.  An analysis of these actions of my

Improvements will show that the governing
~of the speed of a water-wheel is carried out

through two stages of -operations, in the first
of which the governor, through its connection
with the tilting nozzle or other deflecting de-

vice, maintains the speed of the wheel sub-

stantially constant by instantaneously throw-

water upon the buckets of the wheel, while in

~the second stage there is a gradual adjust-

ment of a valve to increase or decrease the

amount of water flowing through the nozzle

to correspond with the requirements of the

load upon the water-wheel when the nozzle is

1n-a position to give nearly the maximum
efficlency of the stream of water flowing

through it. The character of the load upon -

" the water-wheel in which the sudden Auctua-

_25

‘tions are likely to eccur will determine the

normal position of the nozzle, which. should

be arranged to throw as-nearly as possible-

the entire volume -of its stream upon the

- buckets of the wheel and still have a sufficiént

30

- speed of movement which may be given to |

35

portion of the stream normally thrown out- |
~side of these buckets to be brought into ac-

tion to meet any sudden.increase in load

which might require temporarily the full vol--

ume: of the stream upon the buckets. The

the valve ¢’ by its actuating-motor will de-

pend upon the conditions at the plant where

the device 1s installed. If the pipe-line lead-
ing to the nozzle is extremely long and con-

- ducts. water from a. great height, it will be
~necessary to have the valve ¢ move very

40

slowly in 1its-throttling action, while if the
pipe-line is comparatively short the valve ¢

can safely be moved with much greater speed.
~ Having explained the operation of several

forms of construction embodying my inven-

45

tion, 1t will be seen that the purpose of the

improvement is to effect the accurate speed-

water, and at the same time with economy,

- by, cutting off as rapidly as possible ¢onsist-

ent with safety to the supp y-pipe the por-

~ tion of the water which is serving no useful

55
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purpose.
I claim—

1. In combination with a water-wheel,
‘water-supply pipe, automatically-operated
means to change the direction of flow of wa-.

ter from the pipe against the wheel, a valve

to regulate the flow of water from the piﬁé‘
-a,nd"interconnectl_ng mechanism between the
sald flow - changing means and' the valve, |

- which tends to 'move the valve whenever the

flow-changing means are out of their prede-

termined normal pesitions.

. In Combill-ﬂ.;tlﬁﬂ with a Wﬂ tyer_“vhee]: & |
65 ‘water-supply pipe, automatically -operated |

mal position to increase

‘the nozzle.

ter from the pipe against the wheel, a valve
| to regulate the flow of water from the pipe,
mechanism to operate the valve, whichmech-
anism 1s controlled by said direction-chang-
Ing nieans, and a speed-governor which pri-

marlly operates said means.

7¢

3. In combination with a water-wheel, a

water-supply pipe, means for automatically
turning a portion of the water flowing from
the pipe, away from or toward the wheel, a

sald valve.

75

valve to regulate the flow of water from the
Pipe, a speed-governor, and interconnecting
operating mechanism between the governor

and the automatic turning means, and the 8o

4. In combination with a water-wheel, a

ter flowing therefrom, a speed-governor,

mechanism which connects the governor and
the water-deflector, a valve to regulate the
flow of water from the supply-pipe, and an-

automatically-controlled motor which tends

to close the x?a.lve'by the action of the mech-

anism which moves the'deflecting meansfrom yo

their normal position to decrease the impact

of water upon the wheel, and to open the
| valve by the action of the mechanism which

‘water-supply pipe, means to deflect the wa-

moves the deflecting means from their nor-

the impact of water

upon the wheel. -

nozzle automatically either away from or to-
ward the wheel whenever it changes in speed:

a valve to regulate the flow of water from the .

| 95

- 5. In combination with a,:Wa.'t'}ér'-'Wheel_;? a
tilting supply-nozzle; mechanism to tilt the

Rele

nozzle, and valve-operating mechanism which
1s controlled by the mechanism that tilts the

nozzle. . - o
6. In combination with a water-wheel, a

‘105

tilting supply - nozzle; a spéed-governor; -

~mechanism actuated by the governor which
1s connected with and tilts the nozzle ;s valve

to regulate the flow of water from the nozzle, - -

‘ ) , |-and means to operate the valve which means i
regulation of an impulse water-wheel with
the highest possible efficiency in the use of

are controlled by the ti_lt-ing mechanism of

110 .

7. In combination with a water-wheel: a

tilting supply-nozzle; Interconnecting mech-
ansm between the water-wheel and the noz-
| zle to tilt: the latter either away from or to-

13§

ward the wheel whenever it changes in speed; =

a valve to regulate.the flow of water from the

nozzle; a motor which is controlled by the
‘nozzle-tilting. mechanism to closé the valve 120 .

‘when thenozzle is moved from its normal po-

sition away fromi the’wheel and-to open the

valve when the nozzle is moved from its nor--
‘mal position toward the wheel.. & "
8. In combination with a pivoted nozzie of v
the character déscribed, means for adjusting
 the nozzle u}po ' 1Sm car g

I 1ts pivot, mechanism carrié

L
-

by the nozzlé 'to regulate the cross-sectional

-area of _i_t-s_"diS'ChaTgé'~_a_,nﬂf__ﬁf}ﬁéh iSf‘.fT,ee!t’O‘ﬁ-.be_- |
| operated irrespective of the position of ‘the

130
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stream discharged therefrom
~means upon the IlOZZlF' to regulate the cross-

822,030

5

nozzle, and automatic means for- Operatnw | discharge of an impect or propelhntr stream
onto the motor, means actuated by the gov-

sard mecha,msm

9. Tu combination WIth a water-wheel noz- |

zle, primary means to give it approximate
&djustments to vary the direction of the

sectional area of said stream to correspond
substantially with the portion which strikes

the wheel after an-approximate adjustment
of the nozzle, and mechanism-to automatic-

- ally adjust said- secondary means.

10. In combination with a sm ole discharge-

nozzle for a water-wheel, means o adjust the

20

»

nozzle n relatlon to the water-wheel, mech-

anism which is carried by the nozzle and 1s

free to move thereW1th to rexulate the cross-
sectional area of the Stream dl&(‘h&l ged there-

from, and which is adapted to be operated

1rrespect1ve of the position of the nozzle, and
means to automatically operate said rerrulat—

Ing mechanism.
1 1. Incombination with g %mn‘lt, (hscharﬂ'e-

nozzle for a water-wheel, primary means o
give approximate ad]ustments of the nozzle

to vary the direction of the stream discharged

~therefrom, in relation to the water - wheol

30

35,

40

secondary means upon the nozzle to refrulate '

the cross-sectional area of the stream to corre-

spond with that which strikes the wheel after
any approximate adjustment of the nozzle,

and mechanism to ‘wtomatlmllv operate Sald '
-secondary means.

12, In combination w1th a supph -nozzle
for a water-wheel, means to move the nozzle
to dlrect the strea,m 1ssuing therefrom, wholly
or 1n part against the buckets of the Wheel
or outside 0? the buckets, devices within the

-nozzle to regulate the amount of water flow-
ing therefrom and means to automatically

~adjust said dewces

13 In hydraulic refrula,tmn* means, the
combination with the: hydraullc motor, of a
pivoted nozzle, means for auttmmtlcall ad-
Justing said nozzle on its pivot, means for

| ewulatlnﬂ' the cross-sectional area of the dis-

' chame opemng of the nozzle to vary the dis-

' cha.rﬂ'e proportionately

55
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) operating the means which vVary
_sectlonal area of the nozzle’s discharge.
14. The combination with a hvdra,uhc mo-

to the working load

of the motor, and devices for autmnatlca,llv
the cross-

tor of the.described character, of governor
mechanism, a pivoted nozzle, means actu-
ated by the £OoVernor mechanism for auto-
matlcally &djustmn' said nozzle on its pivot,
means for varying the cross-sectional area of
the discharge-opening of the nozzle to vary
the amount dlscharged therefrom propor-
tionately to the working load of the motor,
and (levmeq controlled by the governor mech—

ansm for actuating the mesns for varying

the outlet area of the nozzle.

15. The combination with a hydraulic mo-

secondary

}

“the mjrl\mﬂ load of the motor,

eTnor mec hamsm for var ving the (]II‘L(;'[]UII of

the discharged stre an, ieaus for varying the

ischarge from the nozzle Py uportlmmteh' to
and devices

controlled bv the COVETrnor mu*hamsm for

i operating the mmmior verying the (haclmwe

from the nozzle.
16. The combination with a hy dmuho 110~

“tor, of covernor mechenism, 4 nozzle far the.

dlbchmrcre of an impact-stream, devices oper-

ated bv the governor for varying the direc-

tion of the impact-stream and associated de-
vices controlled by said governor mechanism
for varying the dlschar‘we of the stream from

75
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the nozzle pmp(}rtlolmteh to the working

load of the motor.

17. The combination with a hydr auhe mo-
tor, of governor mechanisim, a nozzle for the

dl&:chﬁwe of an impact-stream, devices actu-

ated by “the COvVernor mechanism for var Yy,
the (111'ect1011 of the nozzle’s «ischarge, aml_

associated devices contmlled by Sald oOV=

ernor mechanism for vVaryme the cross - sec--
tional area of discharge 1)1‘0}}0111011&13@13? to
the Workmtr load of tlw motor, said devices

Qo .

comprising means for aci J,tmfr the same’
with a more rapid movement (lulmg the in-

“eresse of the uutlet area of the nozzle than

95

the movement imparted thereto during the

decrease of said outlet area. -
18. The combination with a hydraulic mo-
tor, of governor mechanism, a nozzle for the
dlSCh&I’UE of an 111’1pact—strmm to operate the
motor, means actuated by the governor
mechamsm to-vary the rhrectmn of the noz-
zle’s discharge in accordance with the work-
ing load of the motor, and means actuated by
the pressure of the. Water-supph for adjust-
Ing the cross-sectional area of discharge from
the nozzle, to correspond with the : amount of
water which strikes the motor at each changed
direction or position of the stream dmuharﬂ'ed
~19. The combination with the line or sup-
ply-pipe for a water-wheel, a discharge-noz-

zle movably connected ther eto, means for

raising and lowering the nozzle in accordance-
with the load v&rmtmns on the wheel, and
means to automatically vary the outlef area,

for the stream ejected from the nozzle to

meet the requirements of the load changes..
~ 20. In combination with a water- Wheel

nozzle, means for raising or lowering it pro-

_portmnatelv to the load variations on the
wheel, and means for automatically varying
the area of the stream discharged 1 accord-

ance with the changes in pmltnm of the noz-
zle due to said load variations. |

21. In combmation with a deflectable wa-
ter~wheel nozzle, means for varving the posi-

‘tion thereof 1n accurdance with - loml VarTla-
!.tions on the wheel, a Ionﬂ'ltu{hn allv-movable

plug located within the m)z.?le and means for

100G
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tor of governor mechanism, a nozzle for the | automatically moving the plun In or out to 130



(="

~ change the outlet area for the stream to cor-

. N

IO

~Is in any of its adjusted positions and with-
- | Ing

20

respond with the variations in
nozzle. - .
- 22. In combination with a. water-wheel

posttion of the

‘nozzle, means for varvidg the direction of the:

sizeam ejected therefrom, to meet the re-
quirements of the doad variations on the
wheel, and means whereby the outlet area

Tor the stream is automatically varied to com--

pensate for such load changes. o

23. A water-wheel nozzle provided with
means for adjusting the position thereof in
relation to the wheel, combined with means

whereby the discharge from the nozzlé mavy .

be regulated automatically while the nozzle

out interference with such adjustment.
24. "The combination with a hydraulic mo-

tor, of a tilting nozzle for the discharge of an

1mpact-stream, governor mechanism to oper-
ate the nozzle, means controlled by the said

- mechanism for varying the discharge of the

25

- to the working loa.
30.

' upon the motor, means actuated by the ooV~
ernor mechanism for varying the direction of

nozzle proportionately to the working load

of the motor, and means operated through
the movement of the nozzle.to cause said dis-
charge-varying means to cease to act when
the nozzle-discharge has been proportioned
g of the motor. |
. 25. The combination with a hydraulic mo-
tor, of governor mecéhanism, a nozzle for the
discharge of an impact or propelling stream

the stream discharged, automatically - oper-

822,030

proportionately to the working load of the

motor, which means are controlled bv the

mechanism which varies the direction of the
stream, -to cause sald discharge-varying
means to cease action when the nozzle-dis-
charge has assumed its normal direction and

‘has been proportioned to the working load of

the motor.

 ated means for varying the nozzle-discharge 35

4.0

~ 26. In combination with a pivoted water- -

~wheel nozzle adapted to move in a vértical
‘plane, means for-automatically adjusting the

nozzle on its pivot, mechanism carried by the
nozzle and free to move therewith for regu-
lating the cross-sectional area of the cischarge
therefrom, and automatic means for operat-
zle 1s tilted. |

27. Inahydraulic nozziefor a water-wheel,

mechenism for automatically regulating the
-amount of water discharged therefrom, corm-

bined with mechanism for directing the noz-
zle's discharge toward or deflecting it from
the wheel. o -

| 50
the regulating mechenism when the noz- =

55

- 28. In a hydraulic nozzle for a Watér-wh’e‘el, '

mechanism for eutomatically regulating the

amount 'of water discharged therefrom com-

Oc

bined with automatically-operated mechan-

ism for directing the nozzle-outlet toward or

deflecting it from the wheel. -

-~ . "HENRY E. WARREN.
Witnesses: I
REUBEN L. RoBERTS, -

Eprra M. PooLe.
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